Objective. Vaccination is an effective preventive measure to reduce influenza transmission, especially important in a pandemic. Despite messages encouraging vaccination during the last pandemic, uptake remained low (37.6% in clinical risk groups). This study investigated the effect of different types of messages regarding length, content type, and framing on vaccination intention.
Introduction
Influenza pandemics are unpredictable phenomena, and their consequences can be severe, with a potential to cause millions of deaths worldwide and compromise social and economic wellbeing (WHO, 2013) . In contrast to seasonal influenza epidemics, influenza pandemics emerge from a variant of a virus entirely novel to humans or not having circulated for several decades. As a result, the world population has little or no immunity to the virus, which can cause severe, sometimes life-threatening, illness.
Vaccination is the most effective precautionary measure against influenza pandemics (WHO, 2012) , but its success relies on the public´s decision to be vaccinated. Despite extensive media campaigns, data from different countries show that during the 2009 influenza A (H1N1) pandemic most people did not get vaccinated, even those with chronic diseases (CDC, 2011; Mereckiene et al., 2012) .
In a future outbreak, communication with the public will be key for encouraging vaccination uptake. Communication will need to be informed by evidence and theory from behavioural science (Michie & Abraham, 2004) , and be systematically evaluated (Yardley, Morrison, Bradbury, & Muller, 2015 ). Therefore, we tested theory-guided and evidenced-based health messages promoting vaccination uptake to determine their persuasiveness in advance of a future pandemic. More specifically, we compared, in relation to a health message used in 2009-10 campaign against A(H1N1) influenza, the effectiveness of shorter messages and explored whether further addressing other theoretical constructs relevant for vaccination may contribute to increased vaccination uptake and how vaccination benefits should be framed.
Health message length
The degree to which arguments in a message are scrutinised depends on both motivation (e.g., relevance of the issue) and ability (e.g., cognitive resources, time) of the message recipient (Petty & Cacioppo, 1986) . Thus, even if individuals are motivated, they may not have the cognitive resources or the time to process the message in great depth. Thus, the longer a message is, the more likely it is to be processed superficially (Petty & Cacioppo, 1984) , with the number of arguments working as a peripheral cue to persuasion (Calder, Insko, & Yandell, 1974) and message content having a lesser impact on attitude change. Accordingly, shorter messages are more likely to be recalled (Gerver, 1969) and have a greater impact on behaviour change (Noar, Benac, & Harris, 2007) .
Health message content
A number of social-cognitive antecedents of vaccination uptake that can be targeted by health messages have been identified (see Bish et al., 2011; Brien et al., 2012 for reviews) . Believing the pandemic influenza is serious and that one is personally at risk (Brewer et al., 2007; and perceiving vaccination as beneficial and protective against pandemic influenza as well as a means of avoiding spreading the infection to others (Han, Michie, Potts, & Rubin, 2016; have been identified as vaccination uptake facilitators. Factors associated with reduced intention to be vaccinated are: being sceptical about the Running head: THEORY-BASED MESSAGES FOR PANDEMIC INFLUENZA VACCINATION threat posed by pandemic influenza (Rubin, Finn, Potts, & Michie, 2015; Rubin, Potts, & Michie, 2010) , thinking that pandemic influenza is similar to seasonal influenza, which is not considered to be a serious illness , perceptions of being healthy and having a strong immune system (Han et al., 2016; Rubinstein et al., 2015) , and having concerns around the safety of the vaccine, such as fearing eventual side effects (Sypsa et al., 2009 ).
Based on people's prior experience with the A(H1N1) virus, which was less severe than others from previous pandemics (WHO, 2013) and perceived as a mild threat (Bish, Michie, & Yardley, 2010) , it is likely that the risk of a future pandemic will be initially perceived as relatively low. Thus, it has been suggested that, in order to increase the public willingness to vaccinate, health messages need to focus on the severity of pandemic influenza (Bish et al., 2010) . However, this information should be followed by the benefits of vaccination, as high levels of fear and arousal produced by risk messages can undermine their motivational effect as a result of leading to avoidance and/or denial responses (Peters, Ruiter, & Kok, 2013) .
Framing of benefits
Although the benefits of vaccination are often presented in relation to disease prevention (riskreducing benefits), benefits can also be framed in relation to health promotion (health-enhancing benefits). Recent studies have suggested that highlighting the health-enhancing benefits of vaccination, such as strengthening the immune system, may be more effective than emphasising the reduced risk of infection Teasdale, Santer, Geraghty, Little, & Yardley, 2014) .
The present study
This study aimed to evaluate evidence-and theory-based messages promoting uptake of vaccination for pandemic influenza in the context of an uncertain pandemic influenza scenario, and investigate psychological explanations of message effectiveness. Despite the existence of a wealth of observational and correlational studies on pandemic influenza vaccination, considerably fewer studies have experimentally evaluated the effectiveness and change process of theory-based health messages for the promotion of vaccination uptake (see McGlone, Bell, Zaitchik, & McGlynn, 2013 and Payaprom, Bennett, Alabaster, & Tantipong, 2011, for exceptions) . Moreover, to our knowledge, no other study has done so using a representative sample of the population, which is relevant considering the demographic variations in vaccination intentions and uptake.
Intention to be vaccinated was used as a proxy measure for behaviour on the basis of evidence of its predictive power in the context of single action behaviours (Sheeran, 2002) , such as vaccination (Lehmann, Ruiter, Chapman, & Kok, 2014; Renner & Reuter, 2012) . Psychological predictors of vaccination uptake were measured to test the mechanisms responsible for differential effects across different health messages on vaccination intentions.
We predicted that: Running head: THEORY-BASED MESSAGES FOR PANDEMIC INFLUENZA VACCINATION 1) A briefer message (one page long) would lead to higher intentions to be vaccinated than a longer one (12 pages long).
2) Emphasizing the severity of pandemic influenza and benefits of vaccination would contribute to an increase in the intention to be vaccinated.
3) A message focusing on the health-enhancing (rather than risk-reducing) benefits of vaccination would be more effective.
Method

Study design
After reading the study objectives and providing their informed consent, participants were requested to read a mock newspaper article describing an uncertain influenza pandemic. They were informed that it was fictitious, but were asked to imagine themselves in that situation. They then answered one question measuring their baseline intention to be vaccinated and were randomized to one of four conditions: 1) DoH message, 2) Shortened DoH message, 3) Shortened risk-reducing message, or 4) Shortened health-enhancing message.
Participants
A representative sample in relation to age, gender and geographic location of adults living in England was recruited through a market research company online panel (see Supplementary File 1 for details on recruitment procedures). Participants were required to be fluent in English and to be aged between 16 and 75 1 . The sample size was calculated using G*Power (Faul, Erdfelder, Buchner, & Lang, 2009 ) to give 80% power to detect a statistically significant difference at α = 0.05, if an effect size of 0.1 or higher was observed, adjusting for one covariate, and inflated by 30%, given the possibility of drop-out.
Materials
Pandemic influenza scenario. This was a mock news item, based on one used by Rubinstein et al. 2015 (see Appendix A) . The use of an uncertain, moderate scenario relied on previous research
showing this methodology to be valid (Wright, French, Weinman, & Marteau, 2006) and that under a severe pandemic scenario the majority of people would accept vaccination Teasdale, Yardley, Schlotz, & Michie, 2012) . . We were explicit about the source of information, a factor known to be important for message credibility (Quinn et al, 2013) .
The Shortened DoH message (condition 2) contained only the key information selected from the 12-page leaflet. It targeted known vaccination predictors: knowledge about flu and precautionary measures, perceived susceptibility, perceived costs (emphasising low risk of side-effects and vaccine safety) and vaccine efficacy. Shortened risk-reducing message (condition 3) presented the vaccine as a way of reducing the risk of contracting pandemic flu, while Shortened health-enhancing message (condition 4) presented the vaccine as a way of boosting the immune system and maintaining good health, with both conditions further emphasising the severity of pandemic influenza.
All messages were piloted to ensure they were appropriately theoretically based: three experts in behaviour change theory independently coded the theoretical constructs targeted by the messages. Any disagreements were resolved through discussion and a consensus was reached (see Table 1 ).
Measures
The questionnaire included measures of vaccination intentions as well as of psychological, demographic and clinical factors associated with vaccination intentions (see Supplementary file 3). The psychological factors were hypothesised to be differently affected by each of the four messages tested (see Table 2 ). Demographic and clinical factors previously associated with vaccination uptake were also assessed in order to assess the similarity between our sample and the population in relation to relevant variables. The questionnaire was piloted with a convenience sample (n= 19), to ensure that: a) the task was not too burdensome, b) the questions were clear, concise and not misleading, and c) the response scales were adequate. Appropriate modifications were made in response to the feedback received.
Statistical Analyses
All statistical analyses were performed using Statistical Package for the Social Sciences (SPSS) version 22, after ensuring the statistical assumptions for the performed tests were met. Analyses of covariance (ANCOVA) adjusting for intentions at baseline were performed, in order to test whether the message length (comparing DoH message with Shortened DoH message) or message content (comparing the three shorter messages), had an impact on intention to be vaccinated. Two MANOVAs with fixed main effects for group were performed to determine whether the length or content of the messages influenced intention predictors. A Chi-square test tested the association between length and whether people reported reading the message in full. For significant effects, mediational analysis, a statistical analysis for testing causal inferences regarding the effect of one independent variable (IV) on a dependent variable (DV) through more than one putative process variables (i.e., mediators), were performed through a computational tool for path analysis-based mediation (Hayes, 2013) . A detailed description of analyses performed is provided on Supplementary File 4. Table 3 .
Results
Participants
Baseline intentions to be vaccinated
Intentions to be vaccinated were high prior to message exposure: M = 5.51, SD = 1.69 in the DoH; M = 5.47, SD = 1.73, in the shortened DoH; M = 5.83, SD = 1.53 in the shortened risk-reducing;
and M = 5.56, SD = 1.73 in the shortened health-enhancing message conditions, respectively.
Message Impact
Effect of message length
(i) Intention to be vaccinated. Participants in the Standard DoH message condition showed lower intention to be vaccinated compared with those in the Shortened DoH message condition. See Table 4 for details.
(ii) Predictors of intention. The Shortened DoH message led individuals to perceive pandemic influenza to be more severe, themselves to be more susceptible and feeling more anticipated regret if they decided not to vaccinate and then got pandemic influenza.
The shorter message was also better recalled, and rated as being more personally relevant, despite being considered as slightly less credible than the longer one (see Table 4 ).
Moreover, a chi-square test revealed that those in the DoH (longer) message condition reported more often not having read in full the information that was presented, when compared to those in the Shortened DoH message condition,  2 (2, 712) = 10.91, p < .01. 
Effect of message content
(i) Intention to be vaccinated. No differences were found across the three shorter messages for intention (see Table 5 ).
(ii) Predictors of intention. Those receiving the 'shortened risk-reducing' message perceived the pandemic to be more severe, felt more susceptible to it, and perceived the message to Running head: THEORY-BASED MESSAGES FOR PANDEMIC INFLUENZA VACCINATION be more credible than those receiving the shortened DoH message. Those receiving the 'shortened risk-reducing' message also perceived vaccination to be more beneficial and rated the message as being clearer when compared to either those receiving the 'shortened health-enhancing' or the shortened DoH message, and showed lower levels of scepticism than those in the 'shortened health-enhancing' condition. However, the information presented in the shortened DoH message was better recalled when compared to the other two conditions (see Table 5 for statistical details).
Discussion
Systematically testing vaccination promotion messages in advance of a future influenza pandemic is vital to successfully encouraging the public to be vaccinated. This online experiment compared the effectiveness of different health messages in motivating people to be vaccinated and explained some underlying psychological mechanisms. The briefer message with DoH content contributed to higher intention to be vaccinated than the longer one. This effect was explained by perceiving increased susceptibility to pandemic influenza, anticipated regret if deciding not to vaccinate, and personal relevance, and perceiving the costs of vaccination to be less; this is despite the longer message being rated as slightly more credible. Further emphasising the negative consequences of pandemic influenza and benefits of vaccination did not lead to higher intention to be vaccinated and the health-promoting message was not more effective than the risk-reducing one.
A shorter message was found to be more effective in promoting vaccination uptake than a longer one, in line with our first hypothesis. Previous studies also showed that shorter messages tend to be more effective in promoting behaviour change (Noar et al., 2007) . It is also consistent with research showing that cognitive resources are limited and that people do not always process the messages they are exposed to in a systematic way (Petty & Cacciopo, 1986) . Thus, shorter messages are more likely to be read in full, as our results have shown, be processed more systematically, have a more positive effect on psychological predictors and, as a consequence, increase vaccination uptake. Such findings have potential implications for delivering health messages over social media, including Twitter. The shorter message was rated as slightly less credible than the longer one. This may be because, regardless of their quality, a greater number of arguments in a message can positively influence message credibility (Petty & Caccioppo, 1984) . The shorter message was also regarded as more personally relevant than the longer one, which may reflect the fact that the longer one contained information relevant only to certain population groups (e.g., pregnant women). As a consequence, those who received this leaflet may have not identified with all the information that was provided. This suggests that a series of tailored brief messages are likely to be more effective than a longer comprehensive one.
Although adding a severity element to the message as well as stressing the benefits of vaccination led people to perceive pandemic flu as being more serious and to anticipate greater gains from vaccination, this did not contribute to higher intentions to be vaccinated, contrary to our second Running head: THEORY-BASED MESSAGES FOR PANDEMIC INFLUENZA VACCINATION hypothesis. Despite the finding from other studies showing that changes in these beliefs contributed to increased intentions to be vaccinated (e.g., McGlone et al., 2013; Payaprom et al., 2011) , the fact that, even before the exposure to the health messages, intentions were generally high in our study, may have contributed to a ceiling effect.
Contrary to our third hypothesis, the two ways of framing vaccination benefits (i.e., healthenhancing and risk-reducing) were equally effective in promoting vaccination intentions, similar to results of previous meta-analyses on the effects of framed arguments on vaccination (O´Keefe & Nan, 2012) . However, the shortened risk-reducing message was perceived to be clearer and led to lower levels of scepticism and to vaccination being perceived as more beneficial. One explanation for this finding is that there was a better fit between the vaccination arguments and a prevention (i.e., risk-reducing) frame.
Results of a qualitative study have shown that people tended to think about vaccination as something they do to avoid a disease (prevention) rather than something they do to improve their health and wellbeing (promotion) (Mowbray, Marcu, Godinho, Michie, & Yardley, in press ). Another explanation is that risk-reducing arguments may have been regarded as more balanced, as they acknowledged risk and uncertainty around a pandemic situation, contributing to them being seen as more clear and trustworthy (Mowbray et al., in press ).
In the 2009/10 pandemic, most of the population received information through traditional media (i.e., television, radio, newspapers and magazines) (Walter, Böhmer, Reiter, Krause, & Wichmann, 2012) . However, since people are increasingly searching for health information through the internet (Fox & Duggan, 2013) , it will be important to investigate how best to convey health information and motivate vaccination impact through social media and internet banners (Chew & Eysenbach, 2010; McNeill et al., in preparation) . It should be noted that increasing motivation is only one of the keys to behaviour change: increasing opportunity and capability are also needed (Michie, Stralen & West, 2011) . For example, the vaccines need to be widely accessible and people need to be encouraged to make plans regarding when, where and how to get vaccinated (Hagger & Luszczynska, 2014; Payaprom et al., 2011) .
Study limitations and strengths
There were some limitations to this study. Although using scenarios is unavoidable in the absence of a real pandemic, responses at the peak of a pandemic may vary considerably from those when there is no real pandemic threat, in line with evidence showing that people mentally represent close and distant future events in different ways, with implications for decision-making (Trope & Liberman, 2003) , and that behaviour does not always reflect intentions (Webb & Sheeran, 2006 (Schmitt, 1996) , the measure of perceived costs showed a reliability level that was below the conventional cut-off level of .70, revealing some heterogeneity in the way participants rated the different perceived vaccination costs. Also, the visual presentation was not pretested and there was a confound between health messages´ length and content, as both shortened risk-reducing and shortened health-enhancing messages had slightly more information than the Shortened DoH poster. Future research could disentangle these two factors through a design where only content (but not length) varies across conditions and pre-test the visual layout of the different messages. Finally, even though the sample was selected to be equivalent to the population in terms of age, gender and geographic location, data collected through online surveys are not exempt from bias (Blasius & Brandt, 2010) . Despite these limitations, the use of theory to inform the development of precautionary messages, their rigorous testing through the use of an experimental design and a representative sample of the population, and the investigation of what psychological processes were responsible for message effectiveness are strengths of the present study that merit to be acknowledged.
Conclusions
This study has demonstrated that shorter messages are more effective in promoting peoples'
intentions to be vaccinated. Its results suggest that messages should communicate information on the new strain of virus and that virtually anyone is at-risk, and on vaccine effectiveness and safety tests.
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